Objective: The purpose of this study was to prospectively analyze the outcomes of patients with anomalous aortic origin of a coronary artery undergoing surgical intervention according to a standardized management algorithm.
Anomalous aortic origin of a coronary artery (AAOCA) is the second most common cause of sudden cardiac death (SCD) in young athletes. [1] [2] [3] Although anomalous right coronary artery (ARCA) is 6 to 10 times more common than anomalous left coronary artery (ALCA), [4] [5] [6] ALCA appears to carry a higher risk of SCD when compared with ARCA. 7, 8 Multiple gaps exist in the knowledge of AAOCA, including the specific mechanism of SCD, the actual risk associated with different anatomical types, the exact prevalence of AAOCA in the general population, and the effect of exercise restriction or surgery on the risk of SCD. [9] [10] [11] As such, the optimal management strategy is unclear. 10, 12, 13 To optimize and standardize the care for these patients, we developed a comprehensive multidisciplinary Coronary Anomalies Program in December 2012. The purpose of this study was to prospectively analyze the outcomes of patients with AAOCA who underwent operative intervention based on a standardized management algorithm developed by our program.
MATERIALS AND METHODS
All patients (age 2-18 years) who underwent an operation for AAOCA as part of the Coronary Anomalies Program at Texas Children's Hospital between December 2012 and April 2017 were included. Patients with significant structural heart disease (exclusive of a patent ductus arteriosus, a restrictive ventricular septal defect, an atrial septal defect, or partial anomalous pulmonary venous return) were excluded. Our management algorithm was created on the basis of best available evidence and was modified annually according to institutional experience ( Figure E1 ). The study was approved by the Institutional Review Board of Baylor College of Medicine, and all patients consented for participation in this study.
Preoperative Evaluation
As part of the algorithm, all patients with AAOCA were evaluated preoperatively by 1 of 2 cardiologists. Our standardized evaluation process included echocardiography, retrospectively electrocardiogram (ECG)-gated computed tomography angiography (CTA), and stress nuclear perfusion imaging (sNPI), except for patients who presented with aborted SCD. As part of the most recent iteration of the algorithm, patients also underwent stress cardiac magnetic resonance imaging (sCMRI). CTAs were performed using a volume scanner and a dedicated AAOCA protocol with image reformatting and virtual angioscopy ( Figure 1 ). All CTAs were concurrently read by 3 dedicated cardiac radiologists, and the intramural (IM) segment was defined on the basis of the shape of the proximal coronary and the density of the tissue between the coronary and the aorta (pericoronary fat). 14 All patients were reviewed at a biweekly Coronary Anomalies Program multidisciplinary meeting to determine the optimal management plan. Patients awaiting operation or those who declined operation were exercise restricted. Patients considered low risk (those not offered surgery) were allowed to exercise without restrictions.
In general, patients with ALCA from the opposite sinus were offered operative intervention, whereas patients with other coronary anomalies were offered intervention if they had concerning characteristics including symptoms suggestive of ischemia (chest pain during exertion, exertional syncope, ventricular arrhythmias, sudden cardiac arrest), a positive sNPI or sCMRI, or what the group considered high-risk anatomy on CTA (a long IM segment or ostial stenosis).
Surgical Technique
Surgical strategies included unroofing of an IM segment, coronary translocation, ostioplasty, or creation of a side-to-side coronary-aortic anastomosis. Unroofing was used for patients with a long IM segment. Coronary translocation was used for patients with an IM segment below the level of the aortic valve or for those with absent or small IM segment in whom unroofing would have failed to provide a good result. Ostioplasty (fibrous tissue excision around the ostium) was sometimes performed when there was an ostial ridge without a significant IM segment. A sideto-side coronary-aortic anastomosis was used in 1 patient with a retroaortic left coronary artery arising from the left/noncoronary commissure and a short IM segment.
The aortic root and anomalous coronary artery were dissected, in particular where the anomalous coronary emerged from the aortic wall. After performing the aortotomy, a fine transmural suture was placed from outside of the aorta into the aortic lumen to determine the end and direction of the IM segment. In patients undergoing unroofing of an IM segment, the intervening tissue was excised and a series of fine interrupted sutures were placed to tack the intima of the coronary to the intima of the aortic wall ( Figure 1 , Video 1).
Postoperative Management
Patients were routinely extubated in the operating room. Cardiac enzymes were not routinely measured unless ECG changes concerning for ischemia were present. Aspirin was initiated on postoperative day 1 and continued for 3 months. All patients were followed up at set intervals. At 3 months postoperatively, patients underwent an echocardiogram, repeat sNPI/sCMRI, and CTA. If all studies showed negative results, patients were allowed to return to exercise.
Statistical Analysis
Descriptive statistics are expressed as means and standard deviations or medians and ranges, as appropriate. Two-tailed Fisher exact test was used to compare gender, ischemic symptoms, and IM between coronary patterns. Correlation between CTA and intraoperative IM length was analyzed using intraclass correlation coefficients and Bland-Altman plots. Statistical analyses were performed using SPSS 24 (IBM Corp, Armonk, NY).
Abbreviations and Acronyms
AAOCA . The ostium (B, arrowhead) is slit-like and arising to the right of the intercoronary commissure. Intraoperative pictures show the abnormal origin of the ostium and a long IM segment noted by a fine transmural stitch at the end of the IM segment (C). The ostium is unroofed and the coronary intima tacked to the aortic intima (D). Postoperative CTA shows no IM segment (E, arrow) and a round ostium arising from the correct sinus (F, arrowhead). The intercoronary pillar is away from the coronary artery and not causing compression (E, white arrowhead).
RESULTS

Patients
During the study period, 162 patients with confirmed AAOCA were evaluated by the program: 116 (72%) with ARCA, 24 (15%) with ALCA, 17 (10%) with a single coronary, and 5 (3%) with an anomalous circumflex artery. Surgical intervention was offered to 61 patients (38%). Of these, 5 patients are awaiting surgery, 10 patients elected not to undergo intervention, and 2 patients had their operation at an outside institution. This study includes the 44 patients who underwent an operation for AAOCA at our institution: 9 (20%) for ALCA and 35 (80%) for ARCA. Table 1 shows demographics and clinical characteristics of these patients. Figure 2 shows the topographic origin of all anomalous coronaries.
Thirty-two patients (73%) presented with symptoms (Table 1) . Of the 9 patients with ALCA, 8 (89%) had symptoms. Of the 35 patients with ARCA, 24 (68%) had symptoms. Of the 32 symptomatic patients, 20 (63%) presented with exertional/ischemic symptoms (ALCA n ¼ 6, ARCA n ¼ 14, P ¼ .67) and the remaining 12 (38%) presented with nonspecific symptomatology. Three patients with ALCA presented with aborted SCD. On CTA, all 3 had origin from the opposite (right) sinus with variable IM courses (2.5, 7, and 9 mm). One patient with ARCA presented with chest pain while playing video games and was found to have ECG changes associated with elevated serum troponin. CTA revealed a 6-mm IM course; intraoperative inspection showed a 9-mm IM course.
Eleven patients with ARCA were asymptomatic, and the diagnosis was made incidentally: 2 after voluntary enrollment in a screening study, 6 during follow-up evaluation of a medical condition, 2 due to family request for known history of cardiac disease, and 1 during a sports physical evaluation. One patient with ALCA was asymptomatic, and the diagnosis was made incidentally during follow-up for a small ventricular septal defect.
Preoperative Evaluation
All patients underwent ECG-gated CTA evaluation. Fortythree patients (98%) had an IM segment ranging from 2 to 12 mm. There was relatively good correlation between the CTA and intraoperative measurements of the IM length (intraclass correlation coefficient ¼ 0.70), although CTA tended to overestimate the IM length ( Figures E2 and E3) .
Of the 41 patients (93%) who underwent sNPI, 7 (17%) had an abnormal study. Five patients (all with ARCA) had reversible perfusion defects. Two patients (1 with ARCA and 1 with ALCA) had fixed perfusion defects. All patients except for 1 ARCA were symptomatic. Eight patients (18%) underwent preoperative sMRI in addition to sNPI and CTA, 3 in whom the results were abnormal. The summary and indications for surgery of the asymptomatic patients are shown in Table 2 .
Operative Course
The median age at surgery was 14 years (8-18 years). Forty-one patients (93%) had an IM course, 7 of whom had ALCA and 34 of whom had an ARCA (P ¼ .10) ( Table 1) . Ostial stenosis was present in 39 patients (89%). Index surgical procedures included unroofing in 35 patients (80%) (Figure 1 ), coronary translocation in 7 patients (16%), ostioplasty in 1 patient (2%), and a sideto-side anastomosis in 1 patient (2%). Ten patients (23%) underwent a concomitant procedure at the time of surgical repair ( Table 1) .
There were no operative or late deaths. There were 10 perioperative complications in 9 patients (20%). One asymptomatic patient with ARCA who was offered surgical intervention for a 7-mm IM segment and ostial stenosis on CTA was found to have a 2.5-mm right coronary artery with a stenotic slit-like ostium and a 3-mm IM segment intraoperatively; therefore, the decision was made to translocate the vessel. Translocation was technically challenging and because of ischemic symptoms and ECG changes, the patient underwent saphenous vein graft coronary artery bypass the day after surgery. He is pending his 3-month evaluation.
One patient with an ARCA required a second run of bypass to control bleeding from a small tear where the vessel arose from the aorta. One patient required reintubation for respiratory insufficiency early in the intensive care unit, but was subsequently extubated without further complications. Four patients (9%) developed pericardial effusions, 3 of whom required drainage (2 in the catheter lab and 1 surgical) at 6 to 34 days after surgery. One of these patients also developed wound erythema that was treated with a course of oral antibiotics. Another patient developed mild wound dehiscence. One patient underwent repair of partial anomalous pulmonary venous return developed pancreatitis postoperatively, presumably due to therapy with furosemide. A total of 35 patients (80%) had diffuse early repolarization/pericarditis changes on the ECG on postoperative day 1 ( Figure E4 ). All of these changes normalized by the 3-month postoperative evaluation.
Three-Month Postoperative Evaluation
A total of 42 patients (95%) have undergone testing after surgery (2 are pending evaluation). All of them have undergone sNPI, 35 patients (83%) had an ECG-gated CTA, and 14 patients (33%) had a sCMRI in addition to their sNPI. Of these patients, 7 (17%) had an abnormal sNPI, 4 of whom had residual defects and 3 had new findings (Table 3) . CTA was normal in all 3 patients, and 2 of these patients also had a normal sCMRI. One patient with a negative sNPI had a positive sCMRI showing a stable fixed perfusion defect that was seen preoperatively on a nonstress CMRI.
Five patients (12%) had an abnormal CTA, all with mild narrowing of the ostium/proximal coronary. Four of these Numbers expressed as N (%), median (ranges), or means AE standard deviation, as appropriate. ALCA, Anomalous left coronary artery; ARCA, anomalous right coronary artery; CP, chest pain; SCD, sudden cardiac death; ECG, electrocardiogram; PDA, patent ductus arteriosus; PFO, patent foramen ovale; ASD, atrial septal defect; LAD, left anterior descending; PAPVR, partial anomalous pulmonary venous return; CPB, cardiopulmonary bypass.
patients had undergone unroofing of a short (<5 mm) IM segment. Figure 3 illustrates the findings in one of these patients.
Follow-up
Follow-up was complete, with a median of 2 years (3 weeks to 4 years). One patient presented with a recurrent episode of aborted SCD after repair. The patient initially presented with aborted SCD and was found to have an ALCA arising from the opposite (right) sinus with a short (2.5 mm) IM segment traveling behind a thick intercoronary pillar. Because of leftward rotation of the aortic root and the short length of left main CA before its bifurcation, the decision was made to unroof the coronary instead of translocating it, leaving it to arise from the incorrect sinus and close to the intercoronary pillar. Postoperative functional testing with sNPI and sCMRI was negative for ischemia and the patient was cleared for exercise. The patient presented 20 months later with a recurrent episode of aborted SCD. On reevaluation, he was found to have a wide open left coronary ostium, a 1.9-cm unrecognized myocardial bridge of the left anterior descending artery, and persistent compression of the proximal coronary by the intercoronary pillar (which, on retrospect, was present in the postoperative CTA). Cardiac catheterization with intravascular ultrasound and FIGURE 2. Coronary nomenclature and topography map used to define the origin of the coronary arteries during imaging and at surgery. After each surgical intervention, the surgeon completed a data-collection form delineating the anatomy and location of the coronary ostia using this standardized topography map. The origin of the ARCA and ALCA coronary arteries for all patients in the cohort is marked in the map. ALCA, Anomalous left coronary artery; ARCA, anomalous right coronary artery. Topography map Ó2013 Texas Children's Hospital (reprinted with permission).
fractional flow reserve demonstrated significant narrowing just beyond the ostium (at the site of the intercoronary pillar) and at the myocardial bridge. The patient underwent unroofing of the myocardial bridge and coronary translocation. He is currently asymptomatic, cleared for exercise, and all studies at 3 months after second intervention, including cardiac catheterization with repeat intravascular ultrasound and fractional flow reserve were negative.
At last follow-up, 40 patients (91%) were asymptomatic and 4 patients (9%) had nonspecific chest pain (3 ARCA and 1 ALCA). Two of the patients with nonspecific chest pain (1 ALCA and 1 ARCA) have been cleared to return to full activity, and patients with ARCA are still pending postoperative studies. A summary of the characteristics of the symptomatic patients at last follow-up can be found in Table E1 . A total of 42 patients (95%) have returned to full activity. Two patients have not yet completed their 3-month postoperative evaluation and are pending clearance.
DISCUSSION
The emotional burden, limited data, and variable management approaches in AAOCA prompted us to create a formal Coronary Anomalies Program with the aims of providing a uniform diagnostic and management strategy for these patients based on best available evidence and careful long-term follow-up to gain further insight into this entity.
This is the first prospective study to analyze the results of surgical operation for AAOCA as part of a standardized management protocol with preoperative and postoperative imaging. The study confirms that surgical intervention for AAOCA is safe, with a low incidence of postoperative complications. Most surgical series demonstrate a complication rate between 7% and 20%, 8, [15] [16] [17] [18] [19] with 1 study reporting a complication rate of 67%. 20 The most common complication observed in our series was the development of pericardial effusion in 4 patients, with 3 of them requiring drainage. In a different series of 24 patients undergoing surgical intervention for AAOCA, Wittlieb-Weber and colleagues 20 reported pericardial effusions in 11 (46%) patients. The cause for pericardial effusions in these patients is unclear but may be associated with some degree of inflammation/post-pericardiotomy syndrome. This theory may be supported by the high incidence of early diffuse postoperative ECG changes consistent with early repolarization/pericarditis that resolve on follow-up. To potentially decrease the incidence of pericardial effusions, we have recently elected to open the right pleural space and leave the pericardium open.
The optimum operation for AAOCA is unproven. Unroofing is the most common operation in the United States, 21 but some programs have advocated the use of coronary translocation for all patients. 22 In general, coronary translocation is a more challenging procedure, as noted by the technical complication in this series. In addition, the long-term effect of a circumferential anastomosis, especially in young patients, is unknown. One of our patients had recurrent aborted SCD after unroofing a short IM segment of an ALCA. This left the vessel arising anomalously from the right sinus of Valsalva with a course behind the intercoronary pillar. Although the exact mechanism of recurrent SCD in this patient (the unrecognized myocardial bridge vs compression of the ostium) is unknown, intravascular ultrasound demonstrated significant coronary compression of the coronary at the level of the intercoronary pillar and fractional flow reserve decreased significantly at both the ostium and the myocardial bridge. In addition, we observed 4 other patients with mild ostial stenosis on postoperative CTA. Three of them had unroofing of a relatively short IM segment, and the compression seemed to be at the level of the intercoronary pillar (Figure 3, E) .
The intercoronary pillar, a soft tissue structure of variable thickness that extends from the commissure up to the aortic sinotubular junction, may play a more significant role in the compression of the anomalous coronary than previously recognized. When a patient presents with a long IM segment, unroofing of that segment relieves the potential compression of the IM coronary, enlarges the ostium, and moves the ostium into its correct sinus (Figure 4, A) . In contrast, if there is a short IM segment, unroofing may increase the size of the ostium but the vessel remains associated with the incorrect sinus and with a course behind that intercoronary pillar, where it may be compressed (Figure 4, B) . On the basis of this observation, we believe that patients with a long IM segment will benefit the most from an unroofing procedure, whereas those with short or absent IM segment should be considered for coronary translocation, with the caveats mentioned earlier. Although some surgeons have advocated the use of pulmonary translocation for these patients, 16 we have not favored this technique. Another possible alternative for these patients may be a patch ostioplasty, 13 although the long-term implications of this technique are unclear. For patients with an IM segment that travels below the aortic valve, our preference has been to perform a coronary translocation given the known risks associated with unroofing and resuspending a commissure in terms of later development of aortic insufficiency. 19 Creation of a neo-ostium in the correct sinus would be an adequate alternative for patients with long IM segments that travel below the level of the aortic valve. 18 Figure E5 shows a proposed algorithm to help select the optimal surgical procedure for patients with AAOCA requiring intervention. One of the most controversial topics in the management of AAOCA is the treatment of asymptomatic patients with ARCA. The current study does not address this controversy. Recent guidelines by the American College of Cardiology, American Heart Association, and American Association for Thoracic Surgery suggest a conservative approach for patients with ARCA and no evidence of ischemia while allowing participation in athletics as long as counseling is provided to patients and their families. 23, 24 On the contrary, some programs have suggested surgical intervention for all patients with AAOCA regardless of symptomatology. 25 On the basis of previous reports of asymptomatic patients with ARCA associated with an IM segment that have presented with SCD, 7,26-32 our institutional practice has been to offer surgical intervention to asymptomatic patients with positive functional imaging and those with concerning anatomic features on CTA (ie, long IM segment, significant coronary compression, ostial stenosis). The potential benefit of an operation in this setting has to be weighed with the risks of the operation, as seen in the patient in our series who required bypass grafting. As such, a lengthy and in-depth discussion with the patient and the family is mandatory. It is our hope that the creation of structured coronary programs with consistent management and follow-up, like the one described, and participation in multi-institutional registries such as the Congenital Heart Surgeons Society Registry for AAOCA 10 will eventually provide the much needed data to inform decisions.
An additional unknown is the effect of operative intervention on the future prevention of SCD. One patient in our series presented with a recurrent episode of SCD after surgical intervention. However, in this patient, it became clear that not all potential culprits were addressed at the index operation. Brothers and colleagues 8 analyzed 24 patients who underwent surgical intervention for AAOCA and found 9 patients (37%) who had postoperative evaluations suggestive of ischemia. In a later study from the same group, 54% of patients had cardiac-type symptoms postoperatively, most commonly chest pain. 20 In our series, in addition to the patient who developed immediate ischemia requiring bypass grafting because of a technical issue, only 3 patients had postoperative nonspecific chest pain and 6 (14%) had an abnormal sNPI. Three of these 6 patients had the abnormality before surgery, and of the 3 with new lesions, 2 had a normal sCMRI and all had a normal CTA. The implications of these postoperative lesions (or more importantly, the lack thereof) on long-term prognosis is unclear. Functional testing for AAOCA is imperfect, in particular because ischemia seems to be episodic and not consistently reproducible. This is illustrated by the patient with recurrent aborted SCD who had normal functional testing postoperatively, although CTA was abnormal. It is possible that alternative imaging studies such as cardiac catheterization with intravascular ultrasound and fractional flow reserve may play a useful role in patients with abnormal anatomic or functional studies postoperatively.
The effect of exercise restriction as a strategy for prevention of SCD in patients with AAOCA is also unclear. It has been our policy to exercise restrict patients waiting for operative intervention or those who were offered but declined operation. However, exercise restriction is not a benign long-term strategy from both health 33 and emotional perspectives. In a recent analysis by our group using decision analysis modeling to determine the effects of different strategies for management of AAOCA, we found that long-term exercise restriction was a suboptimal strategy for AAOCA. 34 In addition, there have been reports of patients with AAOCA who had SCD while not exercising, 28 and 1 patient in our series developed ischemic changes while playing video games. Further critical analysis is mandatory in determining the role of exercise restriction in AAOCA.
CONCLUSIONS
The presentation and anatomy of patients with AAOCA are variable, and as such, management should be individualized to determine the best management strategy. The decision to recommend operation should be made after detailed discussions between the multidisciplinary team and the patient and family, taking into account all available data and the patient's preferences and concerns, a clear shared decision-making process. A single surgical strategy is likely not ideal for all patients and should be individualized on the basis of anatomy. All potential anatomic culprits should be addressed in patients undergoing operation, and the procedure should aim to align the coronary ostium with the correct sinus, away from the intercoronary pillar to avoid compression. Surgical treatment for AAOCA is safe, with a low risk of mortality and other complications. Most patients are cleared for exercise postoperatively and remain asymptomatic. Longer follow-up is needed to assess the true efficacy of surgical intervention in the prevention of SCD in this controversial group of patients.
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The Journal of Thoracic and Cardiovascular Surgery c Volume 155, Number 1Key Words: AAOCA, coronary anomalies, anomalous aortic origin of a coronary artery, sudden cardiac death, coronary unroofing, coronary translocation, exercise restriction Discussion Dr P. del Nido (Boston, Mass). This is an important follow-up on a study I believe from your previous publication a little less than 1 year ago on a similar cohort of patients in whom you and your group had come up with a decision analysis model to predict what the outcome was going to be in these patients. If I understood that article correctly, that was a source of much of your current algorithm to manage these patients.
You had 160 patients who were screened, 44 were actually selected for surgery, at a median age of 14 years. Only 20% of those were anomalous left, 80% were anomalous right, a little different than what most of the other publications report, which is a higher rate of anomalous left coronaries. One question is, to what do you ascribe this difference?
Dr M. Mery (Houston, Tex). There is a lot of variability between programs in terms of recommending surgery or not for patients with anomalous right coronaries, in particular for patients with asymptomatic anomalous right coronaries. Some programs have suggested that every patient with AAOCA should undergo surgery regardless of symptomatology and functional testing. Some other programs and new guidelines from the American Association for Thoracic Surgery based on limited information suggest that asymptomatic patients with anomalous rights should not undergo surgery.
Our standard is somewhere in between. We have recommended surgery in asymptomatic patients with concerning anatomy on computed tomography scan, such as a long IM segment or narrowing of the coronary. We have also recommended surgery for patients with symptoms or positive functional testing. In general, there is a higher incidence of anomalous rights than anomalous lefts, and that probably also explains part of our findings.
Dr del Nido. I am not sure we agree that there is a higher incidence of anomalous rights, but your 80/20 tells me that the selection bias is toward doing something rather than watching them, which is I think a reflection of your numbers.
You had a total of 4 different procedures that were done: three quarters of them gad an unroofing procedure, 16% had a translocation, 5% had an ostioplasty, and 1 had a side-toside anastomosis. If we were following this protocol, what would you say is your optimal procedure now? Dr Mery. Based on having seen multiple patients and what I show in the diagrams, we think that if a patient has a short IM segment, a coronary translocation is probably the better operation, even though I think it is a more challenging operation. For patients who have a long IM segment, I think unroofing really relocates the ostium in the correct sinus and is probably a lower risk operation. That would be the operation we favor. Ostioplasty was performed early in our series in patients with short IM segments that now we would probably translocate.
Dr del Nido. You have abandoned that process? Dr Mery. Yes. Dr del Nido. I think I would agree. One of the statements in your article that you didn't bring out is that 63% of your patients had exertional ischemic symptoms. That is different than in most centers who find that these kids have vague chest pains; rarely do they have classic angina symptoms and occasionally they have syncopal episodes with activity. How do you explain this difference? Dr Mery. I think it is all in terms of definition. We define exertional symptoms as patients who had chest pain or syncope clearly on exertion. Now, approximately 40% of the patients who we operate on had nonspecific chest pain, which is actually common in our series. That being said, when we really look at patients who have clear exertional symptoms, we usually think about syncope on exertion as one of the most important symptoms rather than chest pain. But in that particular number of 60% of patients with exertional symptoms, we also included patients who had exertional chest pain, even though it may have been vague.
Dr del Nido. The problem with this disease, as you know, 1 of your patients had ischemic symptoms playing video games. It is hard to call that exertional, unless it is really an active video game.
Dr Mery. Well, he said he was pretty excited and playing online.
Dr del Nido. I guess so. It must be a great game. Finally, my question relates to more what you think now, particularly after this last case that you describe. What do you think the pathology of this lesion is? Is it the fact that it is going behind the intercoronary commissure or is it the fact that it is a vessel that is between the aorta and the pulmonary artery? This is important, because in one it would lead you to almost always, which is my practice, take down that commissure, unroof that coronary all the way to its proper sinus, and then resuspend that commissure as opposed to some other method.
Dr Mery. Correct. Obviously the mechanism is unknown. However, based on our experience and the postoperative CTA findings on 4 patients with short IM segments that we can still see compression in from that intercoronary commissure, I truly believe that the intercoronary pillar plays a significant role in this. So I would agree with that. We have been reluctant to take down the commissure and unroofing that segment just because of the risk of aortic insufficiency, and those patients are the ones in whom we would perform coronary translocation. But I completely agree with you that placing the coronary somehow in the correct sinus and away from that intercoronary commissure should be the goal of these operations.
Dr J. Chen (Seattle, Wash). Thank you, Carlos. We are indebted to your group and to Chuck for creating these algorithms that are helping guide our practice. I think one of the most important things in this study is that you have, I don't know if they are matched, the preoperative and the postoperative imaging, and some of those patients who you mentioned had different findings on their perfusion scans. So one question is, would you clear a patient like that for activity after that, and what do you make of those findings? What can we derive? Julie Brothers' article in the Journal of the American College of Cardiology from several years ago also had this disparity between preoperative and postoperative imaging. We just don't know what to make of those.
Dr Mery. Correct. At the beginning of our algorithm, we were using SESTAMIBI nuclear perfusion tests to test for these, and what we have found is that a lot of these findings are operator dependent and they are unclear. We have found that all patients who have had positive SESTAMIBIs, and then get a stress magnetic resonance imaging scans, have had normal scans. In our program we are actually in discussion about eliminating SESTAMIBIs and just going to stress magnetic resonance imaging before and after surgery, because we think that may be a more reliable indicator. Now, as you know, there are some publications that show a high incidence of postoperative findings on exercise stress tests. One of the limitations of those studies is that they are retrospective and there is no standardization as to what you do preoperatively and postoperatively. It is hard to know if the coronary wasn't completely unroofed or they represent true postoperative ischemia. It is difficult to assess without having standardized preoperative and postoperative imaging, as we are doing now. Hopefully, by continuing to do this we will have a better answer as to what the best functional testing before and after surgery is and what is the real meaning of these findings.
Dr Chen. Would you clear them for activity then if they have an abnormal study? Dr Mery. The 3 patients who have had an abnormal SESTAMIBI and a normal stress magnetic resonance imaging have been cleared for exercise, yes.
Dr E. Bacha (New York, NY). It is uncanny how your results are similar to ours that we are presenting tomorrow. Two quick questions. One, did I understand you correctly, you never take down the commissure and you always do a translocation if it courses down the commissure, is that right? Dr Mery. Correct. We have had 1 patient in whom the IM segment was close to the intercoronary commissure. We didn't take down the commissure, but at the end the commissure looked a little floppy, so we did resuspend it. But, yes, we have not taken down the commissure.
Dr Bacha. Have you seen any aortic insufficiency postoperatively in these patients? Dr Mery. Two patients had trivial to mild aortic insufficiency, but we have not seen postoperative aortic insufficiency afterward.
Dr Bacha. We are more aggressive in taking down the commissure, but we have seen more aortic insufficiency, so that may be something to look into. A second quick question. Coronary bridging, myocardial bridging, do you always have to exclude the presence of myocardial bridging, especially in the anomalous left? Dr Mery. There is a recent study from Stanford showing a high incidence of myocardial bridges in this population. In addition to this patient, we had another patient who had a myocardial bridge in addition to the AAOCA that we unroofed as part of the surgery. So now, we actually pay a fair amount of attention to the myocardial bridging, and if there is a concomitant bridge, we will unroof it at the time of surgery.
Dr J. Tweddell (Cincinnati, Ohio). Just quickly to clarify the American Association for Thoracic Surgery guidelines to not recommend against surgery for a right coronary artery but rather would permit continued participation in athletic activity for an asymptomatic patient after appropriate counseling with availability of an ICD at all of the events and practices, my question for you is, in the asymptomatic patient with ARCA without inducible ischemia on any of your studies, what are the anatomic features that would compel you to operate on that patient? Dr Mery. The anatomic features are basically significant narrowing of the proximal coronary, a small ostium on computed tomography scan, or what we consider a long IM segment that goes beyond 5 mm. Now, there are no data one way or the other, and we do not necessarily recommend surgery, but we offer surgery. As you know, the diagnosis of AAOCA can be a disabling diagnosis with significant anxiety. So we sit down with the family, sometimes for an hour or hour and a half, discuss the data that are out there, and we let them decide whether they prefer to undergo surgery or not. Now, at the crux of the point I think is your comment on exercise restriction and that most of these patients are exercise-restricted by their cardiologists. In the decision analysis that we recently published and Dr del Nido mentioned, we found that exercise restriction is not without risks, and when you compare strategies, the risk of exercise restriction in the long term may be higher than the low risk of SCD in some of these patients. So, as we revise our guidelines, we will likely recommend no exercise restriction even if patients decide not to undergo surgery.
Dr Tweddell. We did recommend, though, exercise restriction for an asymptomatic right that is not inducible. Probably it is easier to try to educate those physicians than it is to do surgery. That may not be beneficial to the patient.
Dr Mery. Correct. I think some of these families, regardless of what you tell them, won't let their kids exercise or even go out. We don't have the necessary data to know exactly what the risk of SCD is, but there are multiple 
